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PREVENTING OMISSION OF DATA IN A
REMOTE CONFERENCE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2013-247617, filed on Nov. 29, 2013, the content
of which is hereby incorporated herein by reference in its
entirety.

BACKGROUND

The present disclosure relates to a non-transitory com-
puter-readable medium and a device.

A system is known which includes a plurality of devices
that are mutually connected via a network, and which
enables an audio conference through transmission and
reception of sound data between the devices. In an example
of this kind of system, a terminal device may sequentially
encode collected audio and generate audio data packets. The
terminal device may send out the audio data packets to a
communication channel at predetermined intervals (at 20
millisecond intervals, for example). The terminal device
may sequentially store audio data packets that are received
from another terminal device in a memory. The other
terminal device may retrieve the stored audio data packets
from the memory at the predetermined intervals, and decode
the audio data packets to reproduce the audio.

Further, in another example of this kind of system, a client
device may display a bandwidth of a communication chan-
nel through which streaming media is received from a server
device. In a case where the bandwidth changes, the client
device may transmit, to the server device, a request to adjust
a communication bit rate of the streaming media. The server
device may transmit, to the client device, the streaming
media whose transmission bit rate has been adjusted in
accordance with the request.

SUMMARY

In the example of the above-described system, if jitter
occurs on the communication channel or the bandwidth
varies, the terminal device on the receiving side may time
out when receiving the audio data packet. In this case, the
terminal device on the transmission side may perform re-
transmission processing of the audio data packet that has
timed out. The terminal device on the receiving side may
reproduce the audio by decoding the audio data packets at
the predetermined intervals. Therefore, if delays that have
occurred when receiving the audio data packets are accu-
mulated and become large, in order to eliminate the delays,
an omission may occur in the audio to be reproduced.

In the other example of the above-described system, in a
case where the accumulation of the delays is inhibited by the
server device changing the transmission bit rate, the omis-
sion in the audio may be less likely to occur. However, when
the server device changes the transmission bit rate, the
server may need to initialize an encoder in order to change
encoding conditions of the streaming media.

Various embodiments of the broad principles derived
herein provide a non-transitory computer-readable medium
and a device each capable of inhibiting an omission in audio
to be reproduced, without changing encoding conditions of
sound data that is transmitted and received via a network.

Various embodiments herein provide a non-transitory
computer-readable medium storing computer-readable
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instructions. The instructions, when executed by a processor
of a device configured to be connectable to a network,
performs processes including a first generation operation
generating first sound data by compressing, in accordance
with a pre-set compression parameter, sound data acquired
via a microphone connected to the device. The processes
also include a storage operation storing the first sound data
in an order of generation in a storage device of the device.
The processes further include an acquisition operation
acquiring a first value. The first value is defined based on a
storage amount. The storage amount represents a total data
amount of at least one piece of the first sound data stored in
the storage device. The processes further include a determi-
nation operation determining whether the first value is larger
than a threshold value. The processes further include a
setting operation setting a total time to: a first total time in
response to the determination operation determining that the
first value is larger than the threshold value; and a second
total time in response to the determination operation deter-
mining that the first value is not larger than the threshold
value. The second total time is shorter than the first total
time. The total time corresponds to a total reproduction time
of second sound data to be transmitted to another device via
the network. The other device is configured to be connect-
able to the network. The processes further include a second
generation operation generating the second sound data from
a specified number of pieces of the first sound data, the
specified number of pieces of the first sound data being
acquired from among the at least one piece of first sound
data stored in the storage device. The specified number of
pieces of the first sound data corresponds to the total time.

Various embodiments also provide a non-transitory com-
puter-readable medium storing computer-readable instruc-
tions. The instructions, when executed by a processor of a
device configured to be connectable to a network, perform
processes including a first generation operation generating
first sound data by compressing, in accordance with a pre-set
compression parameter, sound data acquired via a micro-
phone connected to the device. The processes also include a
second generation operation generating second sound data
from the first sound data having a time length corresponding
to a total time. The total time corresponds to a total repro-
duction time of the second sound data to be transmitted to
another device via the network. The other device is config-
ured to be connectable to the network. The processes further
include a storage operation storing the second sound data in
a storage device of the device. The processes further include
an acquisition operation acquiring a first value. The first
value is defined based on a storage amount. The storage
amount represents a data amount of the second sound data
stored in the storage device. The processes further include a
determination operation determining whether the first value
is larger than a threshold value. The processes further
include a setting operation setting the total time to: a first
total time in response to the determination operation deter-
mining that the first value is larger than the threshold value;
and a second total time in response to the determination
operation determining that the first value is not larger than
the threshold value. The second total time is shorter than the
first total time.

Various embodiments further provide a device configured
to be connectable to a network. The device includes a
processor and a memory. The memory is configured to store
computer-readable instructions. The instructions, when
executed by the processor, perform processes including a
first generation operation generating first sound data by
compressing, in accordance with a pre-set compression
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parameter, sound data acquired via a microphone connected
to the device. The processes also include a storage operation
storing the first sound data in an order of generation in a
storage device of the device. The processes further include
an acquisition operation acquiring a first value. The first
value is defined based on a storage amount. The storage
amount represents a total data amount of at least one piece
of the first sound data stored in the storage device. The
processes further include a determination operation deter-
mining whether the first value is larger than a threshold
value. The processes further include a setting operation
setting a total time to: a first total time in response to the
determination operation determining that the first value is
larger than the threshold value; and a second total time in
response to the determination operation determining that the
first value is not larger than the threshold value. The second
total time is shorter than the first total time. The total time
corresponds to a total reproduction time of second sound
data to be transmitted to another device via the network. The
other device is configured to be connectable to the network.
The processes further include a second generation operation
generating the second sound data from a specified number of
pieces of the first sound data, the specified number of pieces
of'the first sound data being acquired from among the at least
one piece of first sound data stored in the storage device. The
specified number of pieces of the first sound data correspond
to the total time.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described below in detail with
reference to the accompanying drawings in which:

FIG. 1 is an overall configuration diagram of a conference
system,

FIG. 2 is a flowchart of a conference management pro-
gram that is executed by a conference server;

FIG. 3 is a graph illustrating a relationship between a
bandwidth and a transmission interval;

FIG. 4 is a flowchart of a sound data communication
program that is executed by a terminal;

FIG. 5 is a flowchart of first transmission processing in the
sound data communication program;

FIG. 6 is a flowchart of combined time update processing
in the sound data communication program;

FIG. 7 is a flowchart of the combined time update
processing in the sound data communication program, and is
a continuation of FIG. 6;

FIG. 8 is a flowchart of reproduction processing in the
sound data communication program;

FIG. 9 is a flowchart of a relay program that is executed
by a relay server;

FIG. 10 is a flowchart of a sound data communication
program according to another embodiment; and

FIG. 11 is a flowchart of second transmission processing
according to the other embodiment.

DETAILED DESCRIPTION

Hereinafter, embodiments will be explained with refer-
ence to the drawings. First, the configuration of a conference
system 100 according to an embodiment will be explained
with reference to FIG. 1. The conference system 100 at least
includes a plurality of terminals 3 that are mutually con-
nectable via a network 8. The present embodiment exem-
plifies the conference system 100 that includes a conference
server 1, the plurality of terminals 3 and a plurality of relay
servers 6 that are all mutually connectable via the network
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8. The conference system 100 shown in FIG. 1 is a con-
figuration example that includes one conference server 1,
two terminals 3 and two relay servers 6 that are mutually
connectable via the network 8. Although the configuration
example shown in FIG. 1 is basically used in the explanation
below, the respective numbers of the conference server 1, the
terminals 3 and the relay servers 6 are not limited to the
numbers shown in this example. For example, the number of
the terminals 3 may be three or more. In the conference
system 100, the plurality of terminals 3 can each virtually
participate, via the network 8, in a conference room that is
virtually constructed by the conference server 1 and can hold
a remote conference (a video conference) that uses images
and audio.

The conference server 1 may be constructed using, for
example, a general-purpose work station or a personal
computer having a known structure. The conference server
1 is configured to control a remote conference that is
conducted between the plurality of terminals 3. The confer-
ence server 1 is configured to virtually construct a confer-
ence room in order for users of the plurality of terminals 3
that are connected to each other via the network 8 to conduct
a remote conference that uses images and audio, and is also
configured to manage entering and exiting the conference
room by each user. The conference server 1 is configured to
be connectable to a storage device 2. A database may be
constructed in the storage device 2. Various types of setting
information relating to the conference room, identification
information of the conference room (hereinafter simply
referred to as a conference room ID), respective network
addresses of the terminals 3 and the relay servers 6, path
information in data transmission and reception, and identi-
fication information that is unique to each of the terminals 3
(hereinafter simply referred to as a unique ID) may be
associated with each other and stored in the database of the
present embodiment. The unique ID may be issued by the
conference server 1 to each of the terminals 3 that participate
in a remote conference. Further, information that indicates a
presence or an absence of a transmission buffer in each of
the relay servers 6 may be stored in the storage device 2.
Further, material data, such as documents or moving images,
that are used in a remote conference by the users may be
stored in the storage device 2.

In a similar manner to the conference server 1, the relay
server 6 may be constructed using, for example, a general-
purpose work station or a personal computer having a
known structure. The relay server 6 is configured to relay
image data and audio data that are transmitted and received
between the terminals 3.

Each of the terminals 3 is a terminal device that is
configured to be connectable to a display 41, a microphone
43, a camera 44, a speaker 45 and the like. For example, a
general-purpose personal computer may be used as each of
the terminals 3. Each of the terminals 3 may be used by a
user who participates in a remote conference. During the
remote conference, each of the terminals 3 transmits image
data captured by the camera 44 and sound data collected by
the microphone 43 to the other terminal 3 that is participat-
ing in the remote conference, via the relay server 6. Note
that, in a case where there are two or more of the other
terminals 3, each of the terminals 3 transmits the sound data
to all the other terminals 3. Further, each of the terminals 3
displays, on the display 41, images that are based on the
image data received from the other terminal 3 via the relay
server 6 and outputs, from the speaker 45, audio that is based
on the sound data received from the other terminal 3. Note
that, in a case where there are two or more of the other
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terminals 3, each of the terminals 3 performs processing
based on the image data and the sound data received from
each of the other terminals 3. Through the above processing,
sharing of the image data and the sound data between the
terminals 3 can be achieved in the conference system 100.
The conference system 100 can provide a site of a confer-
ence that is smoothly conducted between the participants
even when all the participants of the remote conference (the
users of the terminals 3) are not located in the same place.
Note that a known method can be used for control of the
remote conference in the conference system 100, and a
detailed explanation is therefore omitted. Further, in the
present embodiment, of the image data and the sound data
that are transmitted and received between the terminals 3,
control in transmitting and receiving the sound data will be
explained, and an explanation of control in transmitting and
receiving the image data will be omitted.

An electrical configuration of the conference server 1 will
be explained. The conference server 1 includes a CPU 11
that is configured to perform overall control of the confer-
ence server 1. The CPU 11 is electrically connected to a chip
set 15, and is electrically connected to a ROM 12, a RAM
13 and a display control portion 14 via the chip set 15. The
chip set 15 is connected to a chip set 16. The CPU 11 is
electrically connected, via the chip sets 15 and 16, to an
input portion 22, a hard disk drive (hereinafter simply
referred to as an HDD) 17, an external connection interface
(I/F) 19 and a communication I/F 18 that are each connected
to the chip set 16.

The chip set 15 is a series of circuits that are configured
to manage data transmission and reception between the CPU
11 and the ROM 12, the RAM 13 and the display control
portion 14. The ROM 12 is configured to store a boot
program, a basic input/output system (hereinafter simply
referred to as a BIOS) and the like. The RAM 13 is
configured to store various temporary data. The display
control portion 14 is configured to control display of an
image on the display 21. The chip set 16 is a series of circuits
that are configured to manage data transmission and recep-
tion between the CPU 11 and the input portion 22, the HDD
17, the external connection I/F 19 and the communication
1/F 18. The input portion 22 is a device that is configured to
receive an operation input with respect to the conference
server 1. The input portion 22 may be a keyboard, a mouse
or the like. The HDD 17 is configured to store basic software
(for example, an operating system (hereinafter simply
referred to as an OS)), software (for example, a conference
management program that will be described later) that is
configured to cause the conference server 1 to function as a
server, other various types of applications, data and the like.
The external connection I/F 19 is an interface that is con-
figured to connect to the above-described storage device 2.
The communication I/F 18 is an interface that is configured
to perform data communication, and is configured to con-
nect in a wired or wireless manner to the network 8.

An electrical configuration of the terminal 3 will be
explained. The terminal 3 includes a CPU 31 that is con-
figured to perform overall control of the terminal 3. The
CPU 31 is connected to a chip set 35, and is electrically
connected to a ROM 32, a RAM 33 and a display control
portion 34 via the chip set 35. The chip set 35 is connected
to a chip set 36. The CPU 31 is electrically connected, via
the chip sets 35 and 36, to an input portion 42, an HDD 37,
a communication I/F 38 and a USB I/F 39 that are each
connected to the chip set 36.

The chip set 35 is a series of circuits that are configured
to manage data transmission and reception between the CPU
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31 and the ROM 32, the RAM 33 and the display control
portion 34. The ROM 32 is configured to store a boot
program, a BIOS and the like. The RAM 33 is configured to
store various temporary data. The RAM 33 may include a
sound buffer, a reproduction buffer and a transmission
buffer. The sound buffer is a storage area that is configured
to temporarily store the sound data of the audio collected by
the microphone 43 (which will be described later). The
reproduction buffer is a storage area that is configured to
temporarily store the sound data to output audio from the
speaker 45 (which will be described later). The CPU 31 may
secure the sound buffer and the reproduction buffer in the
RAM 33 in accordance with an OS. The transmission buffer
is a storage area that is configured to temporarily store
compressed sound data, which will be described later. The
CPU 31 may secure the transmission buffer in accordance
with execution of a sound data communication program,
which will be described later.

The display control portion 34 is configured to control
display of an image on the display 41. The chip set 36 is a
series of circuits that are configured to manage data trans-
mission and reception between the CPU 31 and the input
portion 42, the HDD 37 and the communication I/F 38. The
input portion 42 is a device that is configured to receive an
operation input with respect to the terminal 3. The input
portion 42 may be a keyboard, a mouse or the like. The HDD
37 is configured to store the OS, software (for example, the
sound data communication program that will be described
later) that is configured to cause the terminal 3 to function
as a client, other various types of applications, data and the
like. The communication I/F 38 is an interface that is
configured to perform data communication, and is config-
ured to connect in a wired or wireless manner to the network
8.

The sound data communication program that will be
described later may be compiled in a code that is appropriate
to the terminal 3, and may be stored in a computer-readable
storage device that is provided in a file server (not shown in
the drawings), the conference server 1 or the like. In this
case, the sound data communication program may be trans-
mitted and provided as a transitory transmission signal from
the file server, the conference server 1 or the like to each of
the terminals 3 through an electric communication channel,
such as the network 8. Alternatively, the sound data com-
munication program may be stored in a recording medium
(not shown in the drawings), such as a CD-ROM, a DVD-
ROM, a flash ROM or the like. In this case, the sound data
communication program may be provided to the terminal 3
by the CPU 31 of the terminal 3 reading the program from
the recording medium using a reading device (not shown in
the drawings) that is connectable to the terminal 3. The CPU
31 may save the provided sound data communication pro-
gram in a computer-readable storage device that is provided
in the terminal 3. Although, in the present embodiment, the
HDD 37 is exemplified as the storage device, the storage
device is not limited to the HDD 37. For example, it is
preferable to employ a nonvolatile storage device, such as a
solid state drive (not shown in the drawings), a flash ROM
or the like, that is configured to hold data regardless of the
length of time that the data is stored. This may also apply to
the conference management program that is executed by the
CPU 11 of the conference server 1 and a relay program that
is executed by the CPU 61 of the relay server 6.

The USB I/F 39 is an interface to perform communication
based on the universal serial bus standard. The CPU 31 is
electrically connected to the microphone 43, the camera 44
and the speaker 45 via the USB I/F 39. The microphone 43
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is configured to collect audio around the terminal 3, perform
A/D conversion (sampling), and transmit sound data to the
CPU 31 via the USB I/F 39. The CPU 31 may store the
sampled sound data in the sound buffer provided in the RAM
33. The camera 44 is configured to capture an image of
scenery around the terminal 3, perform A/D conversion, and
transmit image data to the CPU 31 via the USB I/F 39. The
speaker 45 is configured to output the audio obtained by D/A
converting the sound data that is received from the CPU 31
via the USB I/F 39. The CPU 31 may store, in the repro-
duction buffer provided in the RAM 33, the sound data to
output the audio from the speaker 45.

An electrical configuration of the relay server 6 will be
explained. The relay server 6 includes the CPU 61 that is
configured to perform overall control of the relay server 6.
The CPU 61 is connected to a chip set 65, and is electrically
connected to a ROM 62, a RAM 63 and a display control
portion 64 via the chip set 65. The chip set 65 is connected
to a chip set 66. The CPU 61 is electrically connected, via
the chip sets 65 and 66, to an input portion 72, an HDD 67
and a communication I/F 68 that are connected to the chip
set 66.

The chip set 65 is a series of circuits that are configured
to manage data transmission and reception between the CPU
61 and the ROM 62, the RAM 63 and the display control
portion 64. The ROM 62 is configured to store a boot
program, a BIOS and the like. The RAM 63 is configured to
store various temporary data. The display control portion 64
is configured to control display of an image on a display 71.
The chip set 66 is a series of circuits that are configured to
manage data transmission and reception between the CPU
61 and the input portion 72, the HDD 67 and the commu-
nication I/F 68. The input portion 72 is a device that is
configured to receive an operation input with respect to the
relay server 6. The input portion 72 may be a keyboard, a
mouse or the like. The HDD 67 is configured to store an OS,
software (for example, the relay program that will be
described later) that is configured to cause the relay server
6 to function as a server that transfers received data, other
various types of applications, data and the like. The com-
munication I/F 68 is an interface that is configured to
perform data communication, and is configured to connect
in a wired or wireless manner to the network 8.

The flow of a remote conference that is conducted in the
conference system 100 will be explained with reference to
FIG. 2, along with operation of the conference management
program that is executed by the CPU 11 of the conference
server 1. In accordance with settings set by a server admin-
istrator, when the OS is started up, for example, the CPU 11
reads the conference management program from the HDD
17 and automatically executes the conference management
program. The CPU 11 connects to the database constructed
in the storage device 2, and registers the fact that the
conference server 1 will function as the server of the remote
conference (step S1). The CPU 11 shifts to a standby state
in which the CPU 11 waits until a participation request to a
conference room is received from any one of the terminals
3 (no at step S2). The participation request is transmitted to
the conference server 1 by the CPU 31 of the terminal 3
based on an operation by the user of the terminal 3 who
wants to participate in the remote conference.

The participation request includes a conference room ID
of a virtual conference room in which the user wants to
participate. In a case where the participation request is
received from any one of the terminals 3 connected to the
network 8 (yes at step S2), the CPU 11 acquires the
conference room ID included in the participation request. In
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a case where the conference room that is identified by the
acquired conference room ID has not yet been virtually
created, the CPU 11 connects to the database and acquires
conference room setting information based on the confer-
ence room ID (step S3). The conference room setting
information is information relating to default settings of a
virtual conference room that is created based on the confer-
ence room ID. The conference room setting information
includes information relating to settings, such as “audio is
set to a mute state when initially entering the conference
room”, “HE-ACC v2 is used as a codec for data compression
of sound data, the bit rate is set to 48 kbps (CBR), and the
sampling rate is set to 24 kHz” and the like.

The CPU 11 virtually creates the conference room on the
RAM 13 and performs processing to allow the terminal 3 to
participate in the conference (step S5). The conference room
is a virtual space in which the remote conference is con-
ducted. The CPU 11 sets, as the identification information of
the created conference room, the conference room ID that is
included in the participation request received at step S2, and
sets the conference room based on the conference room
setting information. The CPU 11 issues a unique ID to the
terminal 3 that has transmitted the participation request. The
CPU 11 resisters information of the terminal 3 (a network
address, path information on the network 8 for the terminal
3 to be connected to the conference server 1, the unique ID
and the like) in the database. The CPU 11 transmits, to the
terminal 3, the conference room setting information, the
unique ID, and information relating to the relay server 6 (a
network address and information as to whether the relay
server 6 has a transmission buffer). The CPU 11 allows the
terminal 3 to participate in the remote conference in this
manner and allows the user of the terminal 3 to virtually
enter the conference room.

In a case where an exit request is not received from any
one of the terminals 3 that is participating in the remote
conference (no at step S6) and a participation request is not
received from any one of the terminals 3 that is not partici-
pating in the remote conference (no at step S8), the CPU 11
determines whether or not to end the remote conference
(step S12). In a case where there still remains any terminal
3 that is participating in the remote conference and an end
request of the remote conference is not received, the CPU 11
determines that the remote conference is not to be ended (no
at step S12). In this case, the CPU 11 returns the processing
to step S6 and shifts to the standby state. In a case where a
participation request is received from a terminal 3 that is not
participating in the remote conference (yes at step S8), the
CPU 61 performs processing to allow the terminal 3 to
participate in the conference, in the same manner as the
processing at step S5 (step S10). Specifically, the CPU 11
registers information of the terminal 3 in the database.
Further, the CPU 11 transmits the conference room setting
information, the unique ID and the information relating to
the relay server 6 and allows the terminal 3 to participate in
the remote conference. In this manner, the CPU 11 allows a
user who newly participates in the remote conference (here-
inafter referred to as a new participant) to virtually enter the
conference room.

The CPU 11 transmits, to the terminal 3 that is already
participating in the remote conference, the information of
the terminal 3 that has newly joined the remote conference
(step S11). In other words, the CPU 11 transmits a notifi-
cation relating to the entering of the new participant into the
conference room, to the other user who is already in the
conference room. This notification includes the unique ID
issued to the terminal 3 that has newly joined the remote
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conference. Further, the CPU 11 determines an optimal path
based on the path information of the terminals 3 and the
relay serer 6 stored in the database. The optimal path is a
path on the network 8 that is optimal when the sound data
is transmitted and received between the terminal 3 that is
already participating in the remote conference and the
terminal 3 that has newly joined the remote conference. The
CPU 11 registers, in the database, the path information
relating to the determined optimal path, and transmits the
path information to each of the terminals 3. The CPU 11
advances the processing to step S12.

In a case where the exit request is received from any one
of the terminals 3 that is participating in the remote confer-
ence (yes at step S6), the CPU 11 deletes the information of
the terminal 3 from the database. The exit request is trans-
mitted to the conference server 1 by the CPU 31 of the
terminal 3 based on an operation of the user of the terminal
3 who wants to exit from the remote conference. The CPU
11 allows the user who wants to exit from the remote
conference (hereinafter referred to as an exiting user) to
virtually exit from the conference room. The CPU 11
transmits the information of the terminal 3 that has exited
from the remote conference, to the terminal 3 that remains
in the remote conference (step S7). In other words, the CPU
11 transmits a notification relating to the exiting of the
exiting user from the conference room, to the other user who
remains in the conference room. The CPU 11 advances the
processing to step S8. Until the CPU 11 determines that the
remote conference is to be ended, the CPU 11 repeats the
above-described processing from step S6 to step S12.

In a case where all the terminals 3 have exited from the
remote conference or in a case where the CPU 11 receives
the end request for the remote conference (yes at step S12),
the CPU 11 ends the remote conference. The end request is
transmitted to the conference server 1 by the CPU 31 of the
terminal 3 that hosts the remote conference (for example, the
terminal 3 that is involved in creating the conference room),
based on an operation of the user of the terminal 3. The CPU
11 removes the virtual conference room from the RAM 13,
and deletes from the database the information of the termi-
nals 3 that are participating in the conference to be ended.
The CPU 11 returns the processing to step S2, shifts to the
standby state in which the CPU 11 waits until a participation
request is newly received from any one of the terminals 3.
With the above-described processing, the conference server
1 virtually creates the conference room of the remote con-
ference and performs control of the plurality of terminals 3
that participate in and exit from the remote conference.

Operations will be explained that are performed when the
CPU 31 of the terminal 3 executes the sound data commu-
nication program and transmits and receives sound data to
and from the other terminal 3 that is participating in the
remote conference. First, an outline of the transmission and
reception of the sound data will be explained. In the present
embodiment, in accordance with the sound data communi-
cation program, the CPU 31 transmits the sound data to the
other terminal 3 that is participating in the remote confer-
ence, via the network 8. The CPU 31 of each of the terminals
3 performs sampling of the audio collected by the micro-
phone 43, converts the collected audio into sound data, and
compresses the sound data using a codec. Hereinafter, the
sound data that has been compressed using the codec is
referred to as compressed sound data. The CPU 31 transmits
the compressed sound data to the other terminal 3 via the
network 8. The CPU 31 of each of the terminals 3 expands
the compressed sound data received from the other terminal
3 using the codec. The CPU 31 performs D/A conversion on
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the expanded sound data, and outputs the converted sound
data from the speaker 45. The smaller the data amount of the
compressed sound data that is transmitted at a time, the
shorter the time that is required for the transmission side
terminal 3 to combine the compressed sound data, the
shorter the time that is required to transmit and receive the
combined compressed sound data, and the shorter the time
that is required for the receiving side terminal 3 to decode
and output the combined compressed sound data. Therefore,
a discrepancy (a delay) between a time at which the trans-
mission side terminal 3 collects sound and a time at which
the receiving side terminal 3 outputs audio decreases. Thus,
the CPU 31 of the receiving side terminal 3 can reproduce
smooth audio with reduced distortion and higher linearity. In
the present embodiment, the CPU 31 divides the sound data
into one or more data pieces each corresponding to a unit
time period and transmits the divided data. The unit time
period that is used to divide the sound data may be, for
example, 5 milliseconds (ms).

A specific example will be explained in which a fixed bit
rate is set in parameter settings of the codec and the
compressed sound data for which the bandwidth is com-
pressed to 20 kilobits per second (kbps) is generated. In this
case, the data amount of the compressed sound data for 1 ms
is 20 bits. Therefore, the data amount for one unit time
period, namely, for 5 ms, is 100 bits (12.5 bytes). In data
transmission and reception via the network 8, the data is
transmitted in a state in which various headers and the like
are added thereto, namely, in a packetized form. For
example, when the compressed sound data is transmitted,
the CPU 31 adds a total of 120 bytes of various headers and
additional information (hereinafter referred to as the headers
and the like) to the compressed sound data. The various
headers may include, for example, an IP header of 20 bytes,
a TCP header of 20 bytes, a protocol header of 32 bytes and
an encryption header of 32 bytes. The additional information
may be, for example, 16 bytes of information that is added
in order to inhibit cross talk or the like (details will be
described later). Therefore, when the compressed sound data
corresponding to one unit time period is transmitted, the data
amount is 132.5 bytes. In order to inhibit a delay in repro-
ducing the audio, the CPU 31 needs to complete the trans-
mission of the compressed sound data corresponding to one
unit time period within 5 ms. The bandwidth that is neces-
sary to transmit the compressed sound data of 132.5 bytes
within 5 ms is 212 kbps (132.5 bytes/5 ms=212,000 bits/
sec=212 kbps).

If jitter occurs in the network 8 or the bandwidth varies,
there is a possibility that the CPU 31 cannot secure the
bandwidth that is necessary to transmit the compressed
sound data corresponding to one unit time period. If the
sound data cannot be transmitted within one unit time
period, the CPU 31 may discard the packet of the sound data.
Therefore, in this type of case, in the present embodiment,
the CPU 31 combines pieces of the compressed sound data
corresponding to a plurality of unit time periods, and per-
forms a single transmission of the compressed sound data
that would otherwise be transmitted in a plurality of trans-
missions. Thus, the CPU 31 can reduce the data amount of
the headers and the like, which are necessary for data
transmission via the network 8 and which would otherwise
be transmitted in the plurality of transmissions, to the data
amount of the headers and the like in the single transmission.
In the above-described example, for example, in a case
where the CPU 31 combines four pieces of the compressed
sound data corresponding to four unit time periods (corre-
sponding to 20 ms) and performs a single data transmission,
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the data amount of the headers and the like is 120 bytes,
which is the same as the amount of the headers and the like
when a piece of the compressed sound data corresponding to
one unit time period is transmitted. Meanwhile, the data
amount of the compressed sound data for 20 ms is 50 bytes.
It is thus sufficient for the CPU 31 to complete the trans-
mission of a total of 170 bytes within 20 ms. In this case, a
necessary bandwidth is 68 kbps (170 bytes/20 ms=68000
bits/sec=68 kbps).

FIG. 3 shows a relationship between a bandwidth and a
transmission interval when the unit time period is 5 ms. Note
that numbers that are respectively assigned to dots that are
plotted on a graph shown in FIG. 3 each represent a
combined number of the compressed sound data per unit
time period. The lower limit and the upper limit of the
combined number in the present embodiment are 1 and 40,
respectively. The transmission interval is a time period that
is permissible as a time period in which the transmission of
the compressed sound data is completed. Namely, the trans-
mission interval corresponds to a total time of the combined
number of unit time periods. According to FIG. 3, it can be
seen that the bandwidth decreases as the transmission inter-
val becomes longer. However, as described above, in order
to inhibit the delay in reproducing the audio, it is more
preferable if the transmission interval is shorter. For this
reason, in the execution of the sound data communication
program that will be described later, in a case where a wide
bandwidth can be secured, the CPU 31 performs processing
that reduces the combined number of the pieces of com-
pressed sound data, in order to inhibit the delay. In a case
where the bandwidth becomes narrow, the CPU 31 performs
processing that increases the combined number of the pieces
of compressed sound data, and narrows the bandwidth that
is necessary for transmission, thus inhibiting packet loss.

Hereinafter, processing that is performed by the CPU 31
of each of the terminals 3 executing the sound data com-
munication program will be explained with reference to
FIG. 4 to FIG. 8. Based on an operation input entered
through the input portion 42, the CPU 31 reads the sound
data communication program from the HDD 37 and
executes the program. In initial settings when executing the
sound data communication program, the CPU 31 secures, in
the RAM 3, a storage area for a transmission buffer that
corresponds to the other terminal 3 that participates in the
remote conference. In a case where there are two or more of
the other terminals 3, the CPU 31 secures storage areas for
a plurality of transmission buffers that respectively corre-
spond to the other terminals 3. The transmission buffer is a
storage area to temporarily store the compressed sound data
that is generated by the CPU 31 to be transmitted to the other
terminal 3. Note that, in a case where another terminal 3 has
newly joined the remote conference, the CPU 31 each time
secures, in the RAM 33, a storage area for a transmission
buffer that corresponds to the terminal 3 that has newly
joined the remote conference. Further, the CPU 31 stores
data indicating a combined time in the RAM 33. The
combined time corresponds to (e.g., is equal to) a time
period indicating a total reproduction time of combined
sound data. The combined sound data is sound data that is
generated from the compressed sound data corresponding to
the same number of unit time periods as the combined
number, and that is to be transmitted to the other terminal 3.
Note that, as described above, the lower limit of the com-
bined number is 1. Therefore, the combined sound data in
this case is the compressed sound data corresponding to one
unit time period. On the other hand, in a case where the
combined number is two or more, the combined sound data
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is generated by combining pieces of the compressed sound
data, each piece corresponding to one unit time period and
the number of the combined pieces being the same as the
combined number. Therefore, strictly speaking, the com-
bined sound data is not necessarily generated by combining
pieces of the compressed sound data. However, for explana-
tory convenience, the expression “combining pieces of the
compressed sound data” is used, including a case in which
the compressed sound data for one unit time period is taken
directly as the combined sound data. Since the reproduction
time of a piece of the compressed sound data corresponds to
one unit time period, the combined time is proportional to
the combined number. In the present embodiment, the lower
limit and the upper limit of the combined number are 1 and
40, respectively. Therefore, the lower limit and the upper
limit of the combined time are 5 ms and 200 ms, respec-
tively.

As shown in FIG. 4, the CPU 31 receives, via the input
portion 42, an input of the conference room ID of the virtual
conference room that the user wants to enter. For example,
before the time at which the remote conference is to be held,
an email is transmitted from the conference server 1 to email
addresses of the respective terminals 3 that are scheduled to
participate in the remote conference. This email includes a
uniform resource locator (URL) for the remote conference
by the terminals 3. This URL includes, for example, the
conference room ID of the virtual conference room, as a
query parameter. In a case where an operation to select this
URL is received via the input portion 42, the CPU 31
acquires the conference room ID input by the user (step
S21). The CPU 31 attempts to connect with the conference
server 1 via the network 8 (step S22). When the connection
with the conference server 1 is established, the CPU 31
transmits a participation request that includes the conference
room ID to the conference server 1 (step S23). In response
to the participation request, the CPU 31 receives, from the
conference server 1, a notification that permits entry into a
conference room that is created by the CPU 11 of the
conference server 1 based on the conference room ID, or
into an existing conference room having the same confer-
ence room ID. Further, the CPU 31 acquires, from the
conference server 1, the conference room setting informa-
tion, the unique ID and the information relating to the relay
server 6 (the network address, the information as to whether
or not there is a transmission buffer) (step S25). Based on the
acquired conference room setting information and the like,
the CPU 31 performs various types of setting processing in
order to participate in the remote conference (step S26).
Thus, the CPU 31 allows the user to enter the conference
room that has been virtually created by the conference server
1.

The CPU 31 repeatedly performs processing from step
S27 to step S99 that will be explained below, until the
remote conference ends. By repeating the processing from
step S27 to step S99, the CPU 31 transmits the sound data
to the other terminal 3 that is participating in the remote
conference and reproduces the sound data received from the
other terminal 3, until the remote conference ends. The CPU
31 determines whether or not the information relating to the
other terminal 3 has been received from the conference
server 1 (step S27). As described above, the information
relating to the other terminal 3 that is received by the
terminal 3 from the conference server 1 may include infor-
mation of a new participant, information of an exiting user
or the like. In a case where the information of the other
terminal 3 has not been received (no at step S27), the CPU
31 advances the processing to step S30. In a case where the
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information of the other terminal 3 has been received (yes at
step S27), the CPU 31 updates the number of the participants
(the users of the respective terminals 3) in accordance with
the entering or exiting from the conference room, and stores
the updated number in the RAM 33. Further, in a case where
the other terminal 3 newly joins the remote conference, the
CPU 31 stores the path information with the new terminal 3
received from the conference server 1 in the RAM 33 (step
S28). The CPU 31 advances the processing to step S30.

The CPU 31 performs, for example, known frequency
filtering processing on the sound data that is output from the
microphone 43, and determines whether or not audio (voice)
uttered by the user is included in the sound data (step S30).
In addition to or instead of the aforementioned frequency
filtering processing, the CPU 31 may determine whether or
not voice is included in the sound data based on a result of
comparing a sound volume of the sound data with a prede-
termined threshold value. In a case where voice is not
included in the sound data (no at step S30), the CPU 31
advances the processing to step S40. In a case where voice
is included in the sound data (yes at step S30), the CPU 31
acquires a piece of the sound data corresponding to one unit
time period (5 ms) from the sound buffer of the RAM 33
(step S31). The CPU 31 processes and compresses the piece
of the sound data corresponding to one unit time period
using a known encoder (for example, HE-AAC v2, G. 711,
G. 729, Speex or Opus) for which encoding conditions based
on default settings are set, and thus generates the com-
pressed sound data corresponding to one unit time period
(step S32). The CPU 31 stores the generated compressed
sound data in the transmission buffer of the RAM 33 (step
S33) and advances the processing to step S40.

The CPU 31 performs a subroutine of first transmission
processing (step S40). In a case where there are two or more
of the other terminals 3 that are participating in the remote
conference, in the sound data transmission, the CPU 31
performs the first transmission processing by sequentially
setting the other terminals 3 as transmission targets. As
shown in FIG. 5, the CPU 31 transmits a query to the OS and
determines whether or not processing for transmitting data
in accordance with the OS is being performed (step S41). In
a case where the data is being transmitted in accordance with
the OS (yes at step S41), the CPU 31 ends the transmission
processing in order to continue the ongoing transmission of
the data in accordance with the OS. The CPU 31 returns the
processing to the main routine (refer to FIG. 4) of the sound
data communication program, and advances the processing
to step S55. In a case where the data is not being transmitted
in accordance with the OS (no at step S41), the CPU 31
determines whether or not the compressed sound data is
stored in the transmission buffer that corresponds to the
transmission target terminal 3 (step S42). In a case where
there is no compressed sound data in the transmission buffer
(no at step S42), there is no sound data to be transmitted to
the other terminal 3. Therefore, the CPU 31 ends the first
transmission processing. The CPU 31 returns the processing
to the main routine (refer to FIG. 4) of the sound data
communication program, and advances the processing to
step S55.

In a case where there is the compressed sound data in the
transmission buffer that corresponds to the transmission
target terminal 3 (yes at step S42), the CPU 31 acquires the
combined time that is updated by combined time update
processing, which will be described later, and that is stored
in the RAM 33 (step S43). The CPU 31 retrieves, from the
transmission buffer, one or more pieces of the compressed
sound data for the combined number that corresponds to the
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combined time, in order from the earliest generation time,
and combines the retrieved compressed sound data, thus
generating the combined sound data (step S45). Note that, as
described above, in a case where the combined time is the
same as the unit time period (in a case where the combined
number is 1), the CPU 31 directly takes, as the combined
sound data, a piece of the compressed sound data that has the
earliest generation time. The CPU 31 adds additional infor-
mation to the combined sound data (step S48). The addi-
tional information may include information indicating the
combined time, the unique ID of the terminal 3 and the like.
The unique ID of the terminal 3 is included in the additional
information in order to avoid cross talk when the receiving
side terminal 3 receives a plurality pieces of the combined
sound data that are respectively transmitted from a plurality
of the other terminals 3.

The CPU 31 encrypts the combined sound data to which
the additional information has been added, in accordance
with a predetermined algorithm, and adds an encryption
header (step S50). For example, a secure sockets layer
(SSL), transport layer security (TLS), a secure real-time
transport protocol (SRTP) or the like may be used as an
encryption protocol. The CPU 31 adds a header of a prede-
termined communication protocol to the encrypted com-
bined sound data (step S51). For example, a real-time
transport protocol (RTP), a hypertext transfer protocol
(HTTP), HTTP over SSL/TLS (HTTPS) or the like may be
used as the communication protocol.

The CPU 31 performs processing for storing the com-
bined sound data to which the header of the communication
protocol has been added in a transmission socket buffer that
is secured in the RAM 33 in accordance with the OS (step
S52). The CPU 31 outputs a transmission request that
instructs the OS to transmit the combined sound data. In
accordance with the OS, the CPU 31 adds an IP/TCP header
to the combined sound data stored in the transmission socket
buffer, and performs processing for transmitting the com-
bined sound data to the other terminal 3 via the network 8
(step S53). Based on the path information, the CPU 31
determines whether or not the relay server 6 is included in
the path through which the combined sound data is trans-
mitted from the terminal 3 to the transmission target terminal
3. In a case where the CPU 31 determines that the relay
server 6 is included, the CPU 31 sets the relay server 6 that
is located next to the terminal 3 on the path, as a transmis-
sion destination that is specified by the IP/TCP header. After
the CPU 31 starts the transmission of the combined sound
data, the CPU 31 ends the first transmission processing. The
CPU 31 returns the processing to the main routine of the
sound data communication program, and advances the pro-
cessing to step S55. Note that various header information,
such as encryption header, header of the predetermined
communication protocol, and the IP/TCP header, may be
other examples of the additional information.

As shown in FIG. 4, the CPU 31 performs a subroutine of
the combined time update processing (step S55). As shown
in FIG. 6, the CPU 31 determines, based on the information
acquired from the conference server 1, whether or not the
relay server 6 that is identified by the path information
between the terminal 3 and the transmission target terminal
3 has a transmission buffer (step S56). In a case where the
relay server 6 has the transmission buffer (yes at step S56),
the CPU 31 acquires the data amount of the compressed
sound data stored in the transmission buffer of the RAM 33
that corresponds to the transmission target terminal 3 (step
S57). The CPU 31 adds an acquisition time to the acquired
data amount of the transmission buffer of the RAM 33, and
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stores the updated data in the RAM 33. Further, the CPU 31
transmits an acquisition request that queries the data amount
of the transmission buffer, to all of the one or more relay
servers 6 that are included in the path (step S58). Although
details will be described later, in a case where the acquisition
request of the data amount of the transmission buffer is
received from the terminal 3, the CPU 61 of the relay server
6 acquires the data amount of the compressed sound data
stored in a transmission buffer of the RAM 63. The CPU 61
transmits, to the terminal 3 that has transmitted the request,
a response that notifies the terminal 3 of the acquired data
amount. In a case where there are a plurality of the relay
servers 6 that are included in the path, the CPU 31 of the
terminal 3 receives a response from each of all the relay
servers 6 (step S59). In this manner, the CPU 31 acquires the
data amounts of all the compressed sound data temporarily
stored in the one or more transmission buffers of the one or
more relay servers 6 during transfer. In the same manner as
described above, the CPU 31 adds an acquisition time to the
acquired data amount of the relay server 6, and stores the
updated data in the RAM 33.

The CPU 31 determines, in the settings performed in
advance in relation to the operations of the sound data
communication program, whether the setting to update the
combined time based on a data amount of the transmission
buffer has been set, or the setting to update the combined
time based on a data change amount of the transmission
buffer has been set (step S60). In a case where the setting to
update the combined time based on the data amount has been
set (yes at step S60), the CPU 31 calculates an average value
of the data amount of the transmission buffer of the terminal
3 stored in the RAM 33 at step S57, based on the data
amounts for the past three seconds. Similarly, the CPU 31
calculates an average value of the data amount of the
transmission buffer of the relay server 6 stored in the RAM
33 at step S59, based on the data amounts for the past three
seconds (step S61). The CPU 31 adds the two average values
obtained at step S61, and further calculates an average value
(hereinafter referred to as an average data amount) of the
added value (step S62). More specifically, the average data
amount is an average value, for the past three seconds, of the
data amounts of the compressed sound data stored in all the
transmission buffers that are included in the path.

The CPU 31 determines whether or not the average data
amount is larger than the data amount of the compressed
sound data corresponding to one unit time period (corre-
sponding to 5 ms) (step S63). Hereinafter, the data amount
of'the compressed sound data corresponding to one unit time
period is referred to as a reference data amount. Alterna-
tively, the data amount, acquired in step S57, may be
compared with the reference data amount. In other word, the
CPU 31 may determine whether or not the data amount,
acquired in step S57, is larger than the reference data
amount. In a case where the average data amount is larger
than the reference data amount (yes at step S63), the CPU 31
determines that the compressed sound data that is stored in
the transmission buffer is increasing and that the bandwidth
of the network 8 is narrower than the bandwidth that is
necessary for data transmission. Therefore, the CPU 31
increases the combined time of the compressed sound data
by one unit time period (step S64), and ends the combined
time update processing. In a case where the combined time
has already reached the upper limit of 200 ms, the CPU 31
maintains the combined time of the upper limit. The CPU 31
returns the processing to the main routine of the sound data
communication program, and advances the processing to
step S85 (refer to FIG. 4). In a case where the average data
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amount is not larger than the reference data amount (no at
step S63), the CPU 31 determines that the compressed sound
data stored in the transmission buffer is decreasing or is not
being accumulated and that the bandwidth that is necessary
for data transmission is secured in the network 8. Therefore,
the CPU 31 reduces the combined time of the compressed
sound data by one unit time period (step S65), and ends the
combined time update processing. In a case where the
combined time has already reached the lower limit of 5 ms,
the CPU 31 maintains the combined time of the lower limit.
The CPU 31 returns the processing to the main routine of the
sound data communication program.

Regarding the operations of the sound data communica-
tion program, in a case where the setting to update the
combined time based on the data change amount of the
transmission buffer has been set (no at step S60), the CPU
31 advances the processing to step S66. The CPU 31
calculates an amount of change in the data amount (herein-
after referred to as a data change amount) in the past three
seconds, based on the data amounts of the transmission
buffer of the terminal 3 stored in the RAM 33 at step S57.
Similarly, the CPU 31 calculates a data change amount in the
past three seconds, based on the data amounts of the
transmission buffer of the relay server 6 stored in the RAM
33 at step S59 (step S66). The CPU 31 calculates an average
value (an average data change amount) of the two data
change amounts obtained by the processing at step S66 (step
S67). More specifically, the average data change amount is
an average value of the change amounts, for the past three
seconds, of the data amounts of the compressed sound data
stored in all the transmission buffers that are included in the
path.

In a case where the average data change amount is larger
than zero (namely, in a case where the average data change
amount has a positive value) (yes at step S68), the CPU 31
determines that the bandwidth of the network 8 is narrower
than the bandwidth that is necessary for data transmission,
and that the data amount of the compressed sound data that
is stored in the transmission buffer is increasing. In order to
reduce the data amount of the transmission buffer, the CPU
31 performs processing for making the bandwidth necessary
for data transmission narrower than the bandwidth of the
network 8. Specifically, the CPU 31 performs processing for
increasing the combined time corresponding to the average
data change amount (an increased amount) (step S69).

The processing at step S69 will be explained using a
specific example in which the reference data amount is 12.5
bytes, the data amount of the headers and the like to be
added in a single data transmission is 120 bytes, and the
average data change amount for the past three seconds is 250
bytes. In this case, the CPU 31 increases the combined time
and combines more pieces of the compressed sound data,
thus reducing the number of times of data transmission.
Thus, the CPU 31 performs processing for making an
amount of reduction in the data amount due to the removal
of the headers and the like to be larger than the average data
change amount. For example, in a case where the current
combined time is 30 ms, namely, in a case where the
combined number is 6, the CPU 31 transmits 195 bytes
(120+12.5%6=195 bytes) of data within 30 ms in a single
data transmission. When such data transmission is per-
formed four times, the CPU 31 transmits 780 bytes (195x
4=780 bytes) of data within 120 ms. In contrast to this, the
CPU 31 increases the combined time to 120 ms, which is
four times the current combined time of 30 ms, and com-
bines the compressed sound data for four transmissions and
transmits the combined sound data in a single transmission.
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Thus, the CPU 31 can reduce the data amount of the headers
and the like corresponding to three transmissions. In this
case, the reduced data amount of the headers and the like is
360 bytes (120x3=360 bytes). It is thus sufficient for the
CPU 31 to transmit 420 bytes (120+(12.5x6)x4=420 bytes)
of data within 120 ms. By thus combining the compressed
sound data for four transmissions and transmitting the data
in a single transmission, the data amount of the headers and
the like decreases, although the data amount of the com-
pressed sound data itself does not change. In other word, the
change in the data amount is generated by the change of a
number of times of transmission of the compressed sound
data in a predetermined interval (e.g., from four times to
once in 120 ms). In this manner, the CPU 31 can reduce the
data amount by 360 bytes, which is larger than the average
data change amount of 250 bytes (the increased amount of
250 bytes), and it is thus possible to reduce the data amount
of the transmission buffer.

In the above-described example, by quadrupling the com-
bined time (the combined number), the compressed sound
data for four transmissions are combined and transmitted in
a single transmission. Other than that, even in a case where
the combined time (the combined number) of the com-
pressed sound data to be transmitted in a single transmission
is further increased and the compressed sound data for five
or more transmissions are combined, it is also possible to
cause the data amount to be reduced to be larger than the
average data change amount. For example, in a case where
the combined time 30 ms is increased to 150 ms, the
compressed sound data for five transmissions are combined
and transmitted in a single transmission. In this case, it is
possible to reduce the data amount of the headers and the
like corresponding to four transmissions, namely, by 480
bytes (120x4=480 bytes). However, as described above, as
the combined time becomes longer, the delay in reproducing
audio becomes larger. Therefore, it is preferable that, in
setting the combined time to be increased, the CPU 31 sets
a minimum combined time, of any combined times that each
make an absolute value of the data amount to be reduced to
exceed an absolute value of the average data change amount.
In the above-described example, the CPU 31 sets, as the
combined time, 120 ms (the combined number 24) that is the
minimum combined time of the combined times each of
which makes the absolute value of the data amount to be
reduced to exceed the absolute value of the average data
change amount.

Processing will be explained that is performed in a case
where the average data change amount for the past three
seconds is zero or in a case where the average data change
amount has a negative value (for example, —250 bytes) (no
at step S68), namely, in a case where the data amount of the
transmission buffer has decreased. In a case where the
average data change amount is zero, the CPU 31 determines
that the data amount of the compressed sound data that is
accumulated in the transmission buffer is balanced with the
data amount of the compressed sound data that is retrieved
from the transmission buffer and transmitted to the trans-
mission target terminal 3. The CPU 31 thus maintains the
combined time (step S70). In a case where the average data
change amount is a negative value, the CPU 31 performs
processing for reducing the combined time in accordance
with the average data change amount (a decreased amount).
In this manner, the CPU 31 reduces the compressed sound
data to be transmitted in a single transmission, and increases
the number of times of data transmission (step S70). Thus,
the CPU 31 performs processing for making an amount of
increase in the data amount due to the addition of the headers
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and the like to be larger than the average data change amount
for the past three seconds. For example, in a case where the
current combined time is 120 ms, namely, in a case where
the combined number is 24, the CPU 31 transmits 420 bytes
of data within 120 ms in a single data transmission. In
contrast to this, in a case where the combined time is reduced
to 30 ms (the combined number 6), which is one fourth of
the current combined time of 120 ms and the compressed
sound data for a single transmission is divided and trans-
mitted in four transmissions, the CPU 31 transmits 195 byes
of the compressed sound data within 30 ms in each trans-
mission. In the four transmissions that are performed within
120 ms, the CPU 31 transmits 780 bytes of the compressed
sound data. In this manner, the CPU 31 reduces the com-
bined time to one fourth, namely, 30 ms, and performs
processing that divides the compressed sound data for a
single transmission and transmits the divided compressed
sound data in four transmissions, thus increasing the data
amount of the headers and the like. In this case, the increased
data amount of the headers and the like is 360 bytes. By thus
dividing the compressed sound data for a single transmission
into the compressed sound data for four transmissions, the
data amount of the headers and the like increases, although
the data amount of the compressed sound data itself does not
change. In this manner, the CPU 31 can increase the data
amount by 360 bytes that is larger than the average data
change amount of =250 bytes (the decreased amount of 250
bytes), and it is therefore possible to increase the data
amount of the transmission buffer.

In the above-described example, by quartering the com-
bined time (the combined number), the compressed sound
data for a single transmission is divided and transmitted in
four transmissions. Other than that, in a case where the
combined time (the combined number) of the compressed
sound data to be transmitted at a time is further reduced and
the compressed sound data is divided and transmitted in five
or more transmissions, it is also possible to cause the data
amount to be increased to be larger than the average data
change amount (the decreased amount). For example, in a
case where the combined time of 120 ms is reduced to 15
ms, the compressed sound data for a single transmission is
divided and transmitted in eight transmissions. In this case,
it is possible to increase the data amount of the headers and
the like corresponding to seven transmissions, namely, by
840 bytes. However, as described above, as the combined
time becomes shorter, the bandwidth that is necessary for
transmission becomes wider. As a result, the possibility of
the occurrence of packet loss becomes larger. Therefore, it is
preferable that, in setting the combined time to be reduced,
the CPU 31 sets a maximum combined time, of any com-
bined times that each make an absolute value of the data
amount to be increased to exceed an absolute value of the
average data change amount. In the above-described
example, the CPU 31 sets, as the combined time, 30 ms (the
combined number 6) that is the maximum combined time of
the combined times each of which makes the absolute value
of the data amount to be increased to exceed the absolute
value of the average data change amount.

In this manner, the CPU 31 sets the combined time that
corresponds to the data change amount of the transmission
buffer at step S69 or step S70, and thus controls the data
amount of the compressed sound data that is accumulated in
the transmission buffer to be maintained constant. After step
S69 or step S70, the CPU 31 ends the combined time update
processing and returns the processing to the main routine of
the sound data communication program.
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As described above, the terminal 3 determines the path
through which the combined sound data is transmitted to the
other terminal 3, based on the path information received
from the conference server 1. However, there may be a case
in which the relay server 6 is not included in the path.
Further, in settings of the relay program (which will be
described later) that is executed by the CPU 61 of the relay
server 6, there may be a case in which the CPU 61 of the
relay server 6 does not secure a storage area for the trans-
mission buffer in the RAM 63. In this case, in the combined
time update processing shown in FIG. 6, the CPU 31 of the
terminal 3 determines that there is no transmission buffer of
the relay server 6 (no at step S56) and advances the
processing to step S71 shown in FIG. 7.

Processing from step S71 to step S80 that will be
described below is the same as the above-described process-
ing from step S57 to step S70 (refer to FIG. 6) except that
the processing from step S71 to step S80 does not involve
transmission via the transmission buffer of the relay server
6. As shown in FIG. 7, the CPU 31 acquires the data amount
of the compressed sound data stored in the transmission
buffer that corresponds to the transmission target terminal 3
(step S71). The CPU 31 adds the acquired time to the
acquired data amount and stores the updated data in the
RAM 33. The CPU 31 determines, in the settings in relation
to the operations of the sound data communication program,
whether the setting to update the combined time based on the
data amount of the transmission buffer has been set, or the
setting to update the combined time based on a data change
amount of the transmission buffer has been set (step S72).

In a case where the setting to update the combined time
based on the data amount has been set (yes at step S72), with
respect to the data amount of the transmission buffer stored
in the RAM 33 at step S71, the CPU 31 calculates an average
data amount that is an average value of the data amounts for
the past three seconds (step S73). The CPU 31 determines
whether or not the average data amount is larger than the
reference data amount (step S74). In a case where the
average data amount is larger than the reference data amount
(yes at step S74), the CPU 31 increases the combined time
of the compressed sound data by one unit time period (step
S75). In a case where the average data amount is not larger
than the reference data amount (no at step S74), the CPU 31
reduces the combined time of the compressed sound data by
one unit time period (step S76). The CPU 31 ends the
combined time update processing and returns the processing
to the main routine of the sound data communication pro-
gram.

In a case where the setting to update the combined time
based on the data change amount has been set (no at step
S72), the CPU 31 calculates a data change amount for the
past three seconds based on the data amounts of the trans-
mission buffer stored in the RAM 33 at step S71 (step S78).
The CPU 31 sets the combined time in accordance with the
data change amount, and thus controls the data amount of
the compressed sound data that is accumulated in the
transmission buffer to be maintained constant (step S78 to
step S80). The processing from step S78 to step S80 is the
same as the above-described processing from step S68 to
step S70 shown in FIG. 6, and an explanation thereof is thus
omitted here. The CPU 31 ends the combined time update
processing and returns the processing to the main routine of
the sound data communication program.

As shown in FIG. 4, after the combined time update
processing (step S55), the CPU 31 performs a subroutine of
reproduction processing (step S85). As shown in FIG. 8, the
CPU 31 determines whether or not a notification of a
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reception event has been received (step S86). When the CPU
31 receives the combined sound data from the other terminal
3 via the network 8, the CPU 31 stores the combined sound
data in a receiving socket buffer after removing the IP/TCP
header, and notifies the reception event to the sound data
communication program, in accordance with the OS. In the
execution of the sound data communication program, in a
case where the notification of the reception event has not
been received (no at step S86), the CPU 31 advances the
processing to step S95. In a case where the notification of the
reception event has been received (yes at step S86), the CPU
31 acquires, from the receiving socket buffer, the combined
sound data from which the IP/TCP header has been removed
(step S87). The CPU 31 removes the header of the commu-
nication protocol from the acquired combined sound data
(step S88), and performs decryption in accordance with the
algorithm specified by the encryption header (step S90), thus
obtaining the combined sound data to which the additional
information has been added.

Based on the information of the combined time that is
included in the additional information, the CPU 31 divides
the combined sound data into one or more pieces of the
compressed sound data each corresponding to one unit time
period (step S91). Note that, in a case where the combined
time is 5 ms (in a case where the combined number is 1), the
CPU 31 directly takes the combined sound data as a single
piece of the compressed sound data. The CPU 31 decodes
the compressed sound data using a known decoder (step
S92), stores the obtained sound data in the reproduction
buffer of the RAM 33 (step S93), and advances the process-
ing to step S95. The CPU 31 determines whether or not the
sound data that has not yet been reproduced is stored in the
reproduction buffer (step S95). In a case where the sound
data that has not yet been reproduced is not stored in the
reproduction buffer (no at step S95), the CPU 31 ends the
reproduction processing, returns the processing to the main
routine of the sound data communication program, and
advances the processing to step S99. In a case where the
sound data that has not yet been reproduced is stored in the
reproduction buffer (yes at step S95), the CPU 31 retrieves
the sound data that has not yet been reproduced from the
reproduction buffer in an order of storage (step S96), and
transmits the retrieved sound data to the speaker 45 (step
S97). The speaker 45 performs D/A conversion on the
received sound data and outputs the D/A converted sound
data, thus reproducing audio. The CPU 31 ends the repro-
duction processing, returns the processing to the main rou-
tine of the sound data communication program, and
advances the processing to step S99.

As shown in FIG. 4, in a case where an operation to exit
from the conference room is received from the input portion
42, or in a case where a conference end notification, which
is transmitted from the conference server 1 based on the end
request, is received, the CPU 31 ends the remote conference
(ves at step S99) and ends the execution of the sound data
communication program. In a case where the remote con-
ference is continued (no at step S99), the CPU 31 returns the
processing to step S27 and repeatedly performs the process-
ing from step S27 to step S99. In this manner, the CPU 31
transmits the sound data to the other terminal 3 that is
participating in the remote conference, and reproduces the
sound data received from the other terminal 3.

As described above, the CPU 31 of the terminal 3
executes the sound data communication program, and
changes the combined time of the compressed sound data in
accordance with a change of the bandwidth in the network
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8. It is thus possible to suppress a delay in the transmission
of the sound data and to inhibit packet loss.

Next, operations when the CPU 61 of the relay server 6
executes the relay program and relays the sound data that is
transmitted and received between the terminals 3 will be
explained with reference to FIG. 9. For example, when the
OS is started up, based on the settings performed by a server
administrator, the CPU 61 of the relay server 6 reads the
relay program from the HDD 67 and automatically executes
the relay program. The CPU 61 connects to the conference
server 1, and notifies the conference server 1 of the network
address, the path information on the network 8 to connect to
the conference server 1, and the fact that the relay server 6
is caused to function as a server to relay data transfer in the
remote conference, thus causing the notified information to
be registered in the database. With respect to the operations
of the relay server 6, one of the following two settings can
be set in advance for the relay program. One is a setting in
which data transfer is performed using the transmission
buffer, and the other is a setting in which the data transfer is
performed without using the transmission buffer. In a case
where it is set that data transfer is performed using the
transmission buffer, the CPU 61 secures a storage area for
the transmission buffer in the RAM 63, notifies the confer-
ence server 1 that there is the transmission buffer, and causes
the notified information to be registered in the database.

In a case where there is the transmission buffer (yes at step
S111), the CPU 61 of the relay server 6 determines whether
or not a notification of a reception event has been received
(step S112). In a case where the combined sound data has
been received from the terminal 3 or the other relay server
6 via the network 8, the CPU 61 stores the combined sound
data in a receiving socket buffer after removing the IP/TCP
header, and notifies the reception event to the relay program,
in accordance with the OS. In a case where the notification
of the reception event has not been received (no at step
S112), the CPU 61 advances the processing to step S120. In
a case where the notification of the reception event has been
received (yes at step S112), the CPU 61 acquires, from the
receiving socket buffer, the combined sound data from
which the IP/TCP header has been removed (step S113). The
CPU 61 removes the header of the communication protocol
from the combined sound data from which the IP/TCP
header has been removed (step S115), and performs decryp-
tion in accordance with the algorithm specified by the
encryption header (step S116), thus obtaining the combined
sound data to which the additional information has been
added. The CPU 61 divides the combined sound data based
on the information of the combined time included in the
additional information, and acquires one or more pieces of
the compressed sound data each corresponding to one unit
time period (step S117). The CPU 61 stores the compressed
sound data in the transmission buffer (step S118) and
advances the processing to step S120.

The CPU 61 performs a subroutine of first transmission
processing (step S120). The first transmission processing in
the relay program is similar to the first transmission pro-
cessing (FIG. 5) in the sound data communication program
that is executed by the CPU 31 of the terminal 3. More
specifically, the CPU 61 retrieves, from the transmission
buffer, one or more pieces of the compressed sound data for
the combined number that corresponds to the combined
time, and combines the one or more pieces of the com-
pressed sound data, thus generating the combined sound
data. The CPU 61 adds additional information to the com-
bined sound data, performs encryption, and adds the proto-
col header. The CPU 61 stores the combined sound data in
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the transmission socket buffer. The CPU 61 outputs a
transmission request that instructs the OS to transmit the
combined sound data. In accordance with the OS, the CPU
61 adds, to the combined sound data, the IP/TCP header that
specifies, as the transmission destination, the network
address of the transmission target terminal 3 or the relay
server 6 that is located next on the path, and starts the
transmission.

After the first transmission processing, the CPU 61 per-
forms a subroutine of combined time update processing
(step S121). The combined time update processing in the
relay program is the same processing as the combined time
update processing (FIG. 6 and FIG. 7) in the sound data
communication program that is executed by the CPU 31 of
the terminal 3. In other words, the CPU 61 updates the
combined time based on a data amount or a data change
amount of the compressed sound data temporarily stored in
the transmission buffer. In a case where another relay server
6 is located on the path to the transmission target terminal 3,
based on whether or not the other relay server 6 has the
transmission buffer, the CPU 61 performs update processing
of the combined time based on the data amount or the data
change amount of the compressed sound data.

After the combined time update processing, the CPU 61
determines whether or not the acquisition request has been
received (step S122). As described above, the acquisition
request is transmitted by the CPU 31 of the terminal 3 in
order to query the data amount of the transmission buffer of
the relay server 6. In a case where the acquisition request has
been received (yes at step S122), the CPU 61 acquires the
data amount of the compressed sound data stored in the
transmission buffer that is provided corresponding to the
terminal 3 that is designated as a transmission target by the
terminal 3 that has transmitted the acquisition request. The
CPU 61 notifies, as a response, the acquired data amount of
the transmission buffer to the terminal 3 that has transmitted
the acquisition request (step S123), and returns the process-
ing to step S112. Also in a case where the acquisition request
has not been received (no at step S122), the CPU 61 returns
the processing to step S112. After that, the CPU 61 repeat-
edly performs the processing from step S112 to step S123,
and relays the sound data that is transmitted and received
between the terminals 3 that are participating in the remote
conference, while changing the combined time of the com-
pressed sound data in accordance with a change of the
bandwidth in the network 8.

In a case where it is set in the relay program that data
transfer is performed without using the transmission buffer
and the CPU 61 determines that there is no transmission
buffer in the determination processing at step S111 (no at
step S111), the CPU 61 advances the processing to step
S125. The CPU 61 determines whether or not processing for
transmitting data in accordance with the OS is in progress
(step S125). In a case where the data transmission is in
progress (yes at step S125), in order to continue the data
transmission that is in progress, the CPU 61 returns the
processing to step S125 and shifts to a standby state. In a
case where the data transmission is not in progress (no at
step S125), the CPU 61 determines whether or not the
notification of the reception event has been received from
the OS (step S126). In a case where the notification of the
reception event has not been received (no at step S126), the
CPU 61 returns the processing to step S125 and shifts to the
standby state. In a case where the notification of the recep-
tion event has been received (yes at step S126), through the
processing that is performed in accordance with the OS, the
CPU 61 acquires, from the receiving socket buffer, the
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combined sound data from which the IP/TCP header has
been removed (step S127), and stores the combined sound
data in the transmission socket buffer (step S128). The CPU
61 outputs a transmission request that instructs the OS to
transmit the combined sound data. In accordance with the
OS, the CPU 61 adds, to the combined sound data, the
IP/TCP header that specifies, as the transmission destination,
the network address of the transmission target terminal 3 or
the relay server 6 that is located next on the path, and starts
the transmission (step S130). The CPU 61 returns the
processing to step S125. After that, the CPU 61 repeatedly
performs the processing from step S125 to step S130, and
thus relays the sound data that is transmitted and received
between the terminals 3 that are participating in the remote
conference.

Ifjitter occurs in the network 8 or the bandwidth becomes
narrower, it takes a longer time for the CPU 31 of the
terminal 3 to complete the transmission of a piece of the
combined sound data to the other terminal 3. Therefore, the
data amount of the compressed sound data stored in the
transmission buffer may increase. In the present embodi-
ment, in accordance with the execution of the sound data
communication program, the CPU 31 changes the combined
time of the compressed sound data in accordance with the
data amount of the transmission buffer, and thus can adjust
the data amount of the combined sound data to be transmit-
ted in a single transmission. In a case where the data amount
of the transmission buffer is larger than the reference data
amount, the data amount of the compressed sound data
stored in the transmission buffer tends to increase. In this
case, the CPU 31 increases the combined time of the
compressed sound data by one unit time period, and thus can
reduce the number of times of transmission of the combined
sound data. Consequently, the CPU 31 can reduce the data
amount of the headers and the like that are necessary to
transmit each piece of the combined sound data, in accor-
dance with the reduced number of times of transmission.
Therefore, the CPU 31 can reduce the data amount without
changing the encoding conditions at the time of generating
the compressed sound data. As a result, the CPU 31 can
transmit the combined sound data to the other terminal 3
while inhibiting packet loss by narrowing the necessary
bandwidth, and can reduce the data amount of the transmis-
sion buffer.

In a case where the data amount of the transmission buffer
is not larger than the reference data amount, the bandwidth
that is necessary for data transmission in the network 8 is
already secured by the CPU 31. In this case, the CPU 31 can
increase the number of times of transmission of the com-
bined sound data, by reducing the combined time of the
compressed sound data by one unit time period. By doing
this, the other terminal 3 can obtain the sound data in a
shorter unit of time. Therefore, in a relationship between the
input of the sound data by the terminal 3 on the transmission
side of the sound data and the output of the sound data by
the other terminal 3 on the receiving side of the sound data,
it is possible to secure smooth linearity with less distortion.
Further, the smaller the data amount of the compressed
sound data that is transmitted in a single transmission, the
shorter the time that is required for the transmission side
terminal 3 to combine the compressed sound data, the
shorter the time that is required to transmit and receive the
combined sound data, and the shorter the time that is
required for the receiving side terminal 3 to decode and
output the combined sound data. Therefore, the CPU 31 can
reduce a delay time that is generated between a time at
which the sound data is input in the transmission side
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terminal 3 and a time at which the sound data is output from
the receiving side terminal 3s.

The terminal 3 can increase or reduce the combined time
by the unit time period in accordance with a change in the
data amount of the transmission buffer that is affected when
jitter occurs or the bandwidth changes in the network 8. If
jitter occurs or the bandwidth becomes narrow, the data
amount of the transmission buffer increases. In this case, the
terminal 3 reduces the necessary bandwidth by increasing
the combined time by one unit time period so that the
transmission can be performed smoothly, thus reducing the
data amount of the transmission buffer. Further, when the
data amount is reduced, the necessary bandwidth is secured.
In this case, the terminal 3 reduces the combined time by one
unit time period, and thus can secure linearity in the rela-
tionship between the input and the output of the sound data
to be transmitted to the other terminal 3.

In a case where the data amount of the transmission buffer
increases, the CPU 31 sets the combined time of a minimum
combined number, from among the combined numbers that
can cause the absolute value of the amount of data reduction
of the headers and the like, which are removed by the
combining of the compressed sound data, to be larger than
the absolute value of the amount of data increase. In a case
where the data amount of the transmission buffer decreases,
the CPU 31 sets the combined time of a maximum combined
number, from among the combined numbers that can cause
the absolute value of the amount of data increase of the
headers and the like, which are added by the dividing of the
compressed sound data, to be larger than the absolute value
of the amount of data reduction. Thus, the terminal 3 can
maintain the data amount of the transmission buffer to be
substantially constant. Thus, the terminal 3 can stably per-
form the transmission of the combined sound data to the
other terminal 3 even if jitter occurs or the bandwidth
changes in the network 8.

If jitter occurs or the bandwidth changes in the network 8,
the data amount of the compressed sound data stored in the
transmission buffer of the relay server 6 also changes.
Therefore, the terminal 3 sets the combined time in accor-
dance with a change in the total amount of the data amount
of the transmission buffer of the terminal 3 and the data
amount of the transmission buffer of the relay server 6. Thus,
the terminal 3 can stably perform the transmission of the
combined sound data to the other terminal 3.

Next, another embodiment will be explained. The
embodiment that will be explained below is different from
the above-described embodiment in the process of com-
pressing and combining the sound data, in the processing of
the sound data communication program executed by the
CPU 31 of the terminal 3. Specifically, as shown in FIG. 10,
processing from step S35 to step S38 in the main routine of
the sound data communication program of the present
embodiment is different from the processing in the main
routine of the sound data communication program shown in
FIG. 4. Further, second transmission processing at step S39
in FIG. 10 is partially different from the first transmission
processing at step S40 in FIG. 4. Specifically, as shown in
FIG. 11, processing at step S46 in the second transmission
processing of the present embodiment is different from the
processing in the first transmission processing shown in
FIG. 5. In the explanation below, the processing that is
different from the above-described embodiment will be
explained and the explanation of the same processing will be
simplified or omitted. In flowcharts shown in FIG. 10 and
FIG. 11, the same processing as that of the above-described



US 9,473,552 B2

25

embodiment is denoted by the same step numbers as the
flowcharts shown in FIG. 4 and FIG. 5, respectively.

As shown in FIG. 10, in the processing at step S30 of the
sound data communication program, in a case where voice
is included in the sound data (yes at step S30), the CPU 31
of the terminal 3 according to the present embodiment
acquires the sound data from the sound buffer of the RAM
33 (step S31). The CPU 31 acquires the combined time
stored in the RAM 33 (step S35). The CPU 31 compresses
the sound data using the known encoder for which the
encoding conditions based on the default settings are set
(step S36). The CPU 31 compresses the sound data until the
length of the data reaches the combined time. In a case
where the length of the data is less than the combined time
(no at step S37), the CPU 31 advances the processing to step
S39 and causes the processing of the main routine to
proceed. The CPU 31 repeatedly performs the processing
from step S27 to step S99 in the main routine, while the
compression processing of the sound data by the encoder is
continued. In a case where the length of the data reaches the
combined time (yes at step S37), the CPU 31 obtains the
combined sound data that is the compressed sound data
having the length that corresponds to the combined time.
The CPU 31 stores the combined sound data in the trans-
mission buffer of the RAM 33 (step S38) and advances the
processing to step S39.

The CPU 31 performs a subroutine of the second trans-
mission processing (step S39). As shown in FIG. 11, in the
second transmission processing of the present embodiment,
in a case where the combined sound data is stored in the
transmission buffer that corresponds to the transmission
target terminal 3 (yes at step S42), the CPU 31 acquires the
combined sound data from the transmission buffer (step
S46). The processing after step S46 is the same as that of the
above-described embodiment. Specifically, the CPU 31 adds
the additional information (step S48), performs encryption
(step S50), and adds the protocol header (step S51) to the
combined sound data. The CPU 31 stores the combined
sound data in the transmission socket buffer (step S52). The
CPU 31 outputs a transmission request that instructs the OS
to transmit the combined sound data. In accordance with the
OS, the CPU 31 adds the IP/TCP header to the combined
sound data (step S52) and starts the transmission (step S53).

As described above, in the present embodiment, when the
sound data is processed and compressed by the encoder, the
CPU 31 generates the combined sound data having the
length that is based on the combined time. Since the CPU 31
performs the encoding of the sound data to the generation of
the combined sound data in one process, it is possible to
reduce the time that is necessary to process the sound data
for transmission. It is thus possible to reduce a delay time
that is generated between the time at which the sound data
is input in the transmission side terminal 3 and the time at
which the sound data is output from the receiving side
terminal 3.

The present disclosure is not limited to the above-de-
scribed embodiments, and various changes are possible. Any
device can be used as the terminal 3 as long as the device is
configured to execute the sound data communication pro-
gram, to be connectable to the network 8, to collect audio by
the microphone 43, and to output audio by the speaker 45.
For example, the terminal 3 may be any type of personal
computer, such as a laptop computer, a tower computer or a
notebook computer. The terminal 3 may be a smart phone,
a tablet type terminal or the like. The terminal 3 may
incorporate the microphone 43 and the speaker 45. Further,
the conference server 1 may be a multi-point control unit,
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and the terminal 3 may be a terminal dedicated to remote
conferencing. The conference server 1 may also function as
the relay server 6. The conference system 100 need not
necessarily include the relay server 6. The conference sys-
tem 100 need not necessarily include the conference server
1. In this case, a plurality of the terminals 3 may directly
perform communication via the network 8 without going
through the conference server 1.

In the above-described embodiments, the data amount of
the compressed sound data corresponding to one unit time
period is adopted as an example of the threshold value for
the average data amount that is used in the processing at step
S63. However, the threshold value is not limited to this
example. For example, the threshold value may be a data
amount of the compressed sound data corresponding to two
or more unit time periods. The threshold value is not limited
to the data amount corresponding to the unit time period and
may be a data amount corresponding to a given time period.
In the above-described embodiments, in the processing at
step S64 and step S65, the CPU 31 increases or decreases the
combined time by one unit time period at a time. However,
the CPU 31 may increase or decrease the combined time by
two or more unit time periods at a time. In the above-
described embodiments, in the processing at step S69 and
S70, the CPU 31 updates the combined time based on a data
change amount. However, for example, the terminal 3 may
store, in the HDD 37, a table that is created in advance based
on the graph shown in FIG. 3. In this case, in a case where
the data amount is increasing, the CPU 31 may calculate a
speed of an increase in the data amount over a specified time
period in the processing at step S67. The CPU 31 may refer
to the table and obtain the combined time for which it is
possible to reduce a bandwidth that is larger than the data
increase speed. This also applies to a case in which the data
amount is decreasing.

In the above-described embodiments, in the processing at
step S61 or step S73, the past three seconds is used as an
example of the period over which the average value of the
data amount is obtained. However, the period over which the
average value is obtained is not limited to this example, and
may be the past 0.5 seconds or two seconds or a given time
period. This also applies to the data change amount that is
used at step S67 or step S78. In the combined time update
processing based on the data amount, the CPU 31 need not
necessarily use the average value of the data amount. The
data amount at a certain time may be used as it is. In a case
where the data amount of the transmission buffer of the
terminal 3 and the data amount of the transmission buffer of
the relay server 6 are used, a sum of the respective data
amounts at a certain time may be used as it is. Further, also
in the combined time update processing based on the data
change amount, in place of the average value of the data
change amount of the transmission buffer of the terminal 3
and the data change amount of the transmission buffer of the
relay server 6, a sum of the respective data change amounts
may be used.

A general-purpose processer may be used as each of the
CPU 11, the CPU 31 and the CPU 61. In the above-described
embodiments, all of the processing that is performed by one
of the CPU 11, the CPU 31 and the CPU 61 may be
performed by another electronic component (for example,
an application specific integrated circuit). Further, in the
above-described embodiments, all of the processing that is
performed by one of the CPU 11, the CPU 31 and the CPU
61 may be distributed and processed by a plurality of
electronic devices (for example, a plurality of CPUs).



US 9,473,552 B2

27

The apparatus and methods described above with refer-
ence to the various embodiments are merely examples. It
goes without saying that they are not confined to the
depicted embodiments. While various features have been
described in conjunction with the examples outlined above,
various alternatives, modifications, variations, and/or
improvements of those features and/or examples may be
possible. Accordingly, the examples, as set forth above, are
intended to be illustrative. Various changes may be made
without departing from the broad spirit and scope of the
underlying principles.

What is claimed is:

1. A non-transitory computer-readable medium storing
computer-readable instructions, the instructions, when
executed by a processor of a device configured to be
connectable to a network for participating in a remote
conference, performing processes comprising:

a first generation operation generating first sound data by
compressing, in accordance with a pre-set compression
parameter, sound data acquired via a microphone con-
nected to the device;

a storage operation storing the first sound data in an order
of generation in a storage device of the device;

an acquisition operation acquiring a first value, the first
value being defined based on a storage amount, the
storage amount representing a total data amount of at
least one piece of the first sound data stored in the
storage device;

a determination operation determining whether the first
value is larger than a threshold value;

a setting operation setting a total time to:

a first total time in response to the determination
operation determining that the first value is larger
than the threshold value; and

a second total time in response to the determination
operation determining that the first value is not larger
than the threshold value, the second total time being
shorter than the first total time, wherein

the total time corresponds to a total reproduction time of
second sound data to be transmitted to another device
via the network, the other device being configured to be
connectable to the network for participating in the
remote conference; and

a second generation operation generating the second
sound data by combining a specified number of pieces
of the first sound data, the specified number of pieces
of the first sound data being acquired from among the
at least one piece of first sound data stored in the
storage device, and the specified number of pieces of
the first sound data corresponding to the total time.

2. The computer-readable medium according to claim 1,

wherein

the acquisition operation comprises:

calculating a first change amount as the first value, the
first change amount being based on a difference
between a first storage amount and a second storage
amount, the first storage amount being the storage
amount acquired at a first time, and the second storage
amount being the storage amount acquired at a second
time after the first time.

3. The computer-readable medium according to claim 2,

wherein

the setting operation further comprises setting the total
time to a value making:
an absolute value of a second change amount to be

larger than an absolute value of the first change
amount; and
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a difference between the absolute value of the second
change amount and the absolute value of the first
change amount being at a minimum, wherein

the second change amount is a total amount of change in
a data amount of a transmission header to be added to
the second sound data, the change in the data amount
being generated when a number of times of transmis-
sion of the second sound data in a predetermined period
changes in accordance with the total time.

4. The computer-readable medium according to claim 1,

wherein

the computer-readable instructions, when executed by the
processor, further perform processes comprising:

a request transmission operation transmitting, to a relay
device, a request signal querying a first storage
amount, the relay device being configured to be
connectable to the network and also being configured
to relay the second sound data when the device
transmits the second sound data to the other device
via the network, the first storage amount representing
a total data amount of the first sound data regener-
ated from the second sound data transmitted from the
device, the first sound data being stored in a storage
device of the relay device; and

a reception operation receiving, in response to the
transmission of the request signal, a response signal
notifying the first storage amount from the relay
device, and

the first value is a value based on a sum of the storage
amount acquired by the acquisition operation and the
first storage amount received by the reception opera-
tion.

5. The computer-readable medium according to claim 1,

wherein

the acquisition operation comprises:
acquiring the storage amount; and
calculating the first value by averaging the storage

amount for a predetermined period.

6. The computer-readable medium according to claim 1,
wherein

the computer-readable instructions, when executed by the
processor, further perform processes comprising:

a transmission instruction operation instructing transmis-
sion of the generated second sound data to the other
terminal.

7. A non-transitory computer-readable medium storing
computer-readable instructions, the instructions, when
executed by a processor of a device configured to be
connectable to a network for participating in a remote
conference, performing processes comprising:

a first generation operation generating first sound data by
compressing, in accordance with a pre-set compression
parameter, sound data acquired via a microphone con-
nected to the device;

a second generation operation generating second sound
data by combining the first sound data having a time
length corresponding to a total time proportional to a
combined number of pieces of the first sound data, the
total time corresponding to a total reproduction time of
the second sound data to be transmitted to another
device via the network, the other device being config-
ured to be connectable to the network for participating
in the remote conference;

a storage operation storing the second sound data in a
storage device of the device;

an acquisition operation acquiring a first value, the first
value being defined based on a storage amount, the
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storage amount representing a data amount of the

second sound data stored in the storage device;

a determination operation determining whether the first
value is larger than a threshold value; and
a setting operation setting the total time to:

a first total time in response to the determination
operation determining that the first value is larger
than the threshold value; and

a second total time in response to the determination
operation determining that the first value is not larger
than the threshold value, the second total time being
shorter than the first total time.

8. A device configured to be connectable to a network for

participating in a remote conference, comprising:

a processor; and

a memory configured to store computer-readable instruc-
tions, the instructions, when executed by the processor,
performing processes comprising:

a first generation operation generating first sound data
by compressing, in accordance with a pre-set com-
pression parameter, sound data acquired via a micro-
phone connected to the device;

a storage operation storing the first sound data in an
order of generation in a storage device of the device;

an acquisition operation acquiring a first value, the first
value being defined based on a storage amount, the
storage amount representing a total data amount of at
least one piece of the first sound data stored in the
storage device;

a determination operation determining whether the first
value is larger than a threshold value;

a setting operation setting a total time to:

a first total time in response to the determination
operation determining that the first value is larger
than the threshold value; and

a second total time in response to the determination
operation determining that the first value is not
larger than the threshold value, the second total
time being shorter than the first total time, wherein

the total time corresponds to a total reproduction time
of second sound data to be transmitted to another
device via the network, the other device being con-
figured to be connectable to the network for partici-
pating in the remote conference; and

a second generation operation generating the second
sound data by combining a specified number of
pieces of the first sound data, the specified number of
pieces of the first sound data being acquired, from
among the at least one piece of first sound data stored
in the storage device, and the specified number of
pieces of the first sound data corresponding to the
total time.

9. The device according to claim 8, wherein

the acquisition operation comprises:

calculating a first change amount as the first value, the
first change amount being based on a difference
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between a first storage amount and a second storage

amount, the first storage amount being the storage

amount acquired at a first time, and the second storage
amount being the storage amount acquired at a second
time after the first time.

10. The device according to claim 9, wherein

the setting operation further comprises setting the total
time to a value making:

an absolute value of a second change amount to be
larger than an absolute value of the first change
amount; and

a difference between the absolute value of the second
change amount and the absolute value of the first
change amount being at a minimum, wherein

the second change amount is a total amount of change in
a data amount of a transmission header to be added to
the second sound data, the change in the data amount
being generated when a number of times of transmis-
sion of the second sound data in a predetermined
interval changes in accordance with the total time.
11. The device according to claim 8, wherein
the computer-readable instructions, when executed by the
processor, further perform processes comprising:

a request transmission operation transmitting, to a relay
device, a request signal querying a first storage
amount, the relay device being configured to be
connectable to the network and also being configured
to relay the second sound data when the device
transmits the second sound data to the other device
via the network, the first storage amount representing
a total data amount of the first sound data regener-
ated from the second sound data transmitted from the
device, the first sound data being stored in a storage
device of the relay device; and

a reception operation receiving, in response to the
transmission of the request signal, a response signal
notifying the first storage amount from the relay
device, and

the first value is a value based on a sum of the storage
amount acquired by the acquisition operation and the
first storage amount received by the reception opera-
tion.

12. The device according to claim 8, wherein

the acquisition operation comprises:

acquiring the storage amount; and

calculating the first value by averaging the storage
amount for a predetermined period.

13. The device according to claim 8, wherein

the computer-readable instructions, when executed by the
processor, further perform processes comprising:

a transmission instruction operation instructing transmis-
sion of the generated second sound data to the other
terminal.



